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(57) Before transmitting print data, a print controller 
transmits to a printer information on a thickness of a 
printing medium corresponding to a sort of printing 
medium which is selected on a select screen by an 
operator in a state that the medium thickness informa- 
tion Is contained in control data for the print data. In the 
printer, a timing conection section corrects a timing of 
ejecting an ink drop onto a printing medium in the for- 
ward and reverse scans executed by the recording head 
in accordance with the control data containing the 
medium thickness information. Accordingly, stress 
imposed on the operator when the printer prints on var- 
ious types of printing mecOa in a bi-directional printing 
mode can be reduced. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 J The present invention relates to a printer with a recording head capable of ejecting an ink drop, and more par- 
ticularly to a called bi-directional printer capable of printing on a printing medium in both a fonward scan and a reverse 
scan by the recording head. 

[0002] In the printer with a recording head for ejecting an ink drop, there are proposed techniques to curb an elonga- 
tion of a printing time, which results from the size increase of a printing medium and the definition increase of a print 

10 image. An example of the technique is a bi-directional printing technique in which the printer prints on a printing medium 
in txjth the scanning directions of a forward scan and a reverse scan, which are performed by the recording head. 
[0003] In the printer using such a technique, i.e., the called bi-directional printer, when an ink drop is ejected at tiie 
same timing (same ejection positions) In both the forward scan and the reverse scan, printing positions in the forward 
and reverse scans are off-set from each other. As shown in Rg. 19A. an ink ejection direction is expressed by a com- 

15 posite vector of a vector Vm. Vm' (moving velocity vector) representative of a moving velocity of the recording fiead 
1003 and a vector Vj (ejecting velocity vector) representative of an ink ejecting velocity of an ink drop ejected from ttie 
recording head 1003. Where tiie timing of ejecting an ink drop in the forward scan F is the same as that of ejecting an 
ink drop in tiie reverse scan R, tiie direction of ejecting an ink drop in the fbnvard scan will be different from that in ttie 
reverse scan since a direction of the moving velocity Vm of tiie recording head in the fonward scan is different from direc- 

20 tion of tiie moving velocity Vm* in tiie reverse scan. As a result, a printing position on the printing medium in the fonvard 
scan is different from that in the reverse scan (PO in the figure). 

[0004] To cope with this, in design, an ink ejection position JP in the fonward scan F is off-set from that JP' in the 
reverse scan R so as to secure the coincidence of the printing positions in the forward scan and in the reverse scan at 
PR as shown in Fig. 1 9B. Further, a function to print a test pattern, which is used for detecting a printing-position off-set 
25 between the fonward scan and the reverse scan is incorporated into the printer. To correct the printing-position off-set. 
an operator prints out the test pattern. He adjusts elevation of the recording head 1 003 and the platen 1 002 while refer- 
ring the print result of the test pattern, to thereby set up a proper distance from the ink ejecting surface of tiie recording 
head to the printing surface of the printing medium 1001 . 

[0005] Precision improvement in the paper feeding/discharging mechanism of the recent printer enables the printer 
30 to print on various types of printing media. Where the bi-directional printer prints on various types of printing media, the 
apparatus will meet tiie medium thickness difference. When tiie medium thickness difference exists, the distance from 
the ink ejecting surface of the recording head to the printing surface of the printing medium inevitably changes. An inf lu- 
ertce of the distance change upon the printing-position off-set is not negligible. 

[0006] Let us consider a case where identical images are formed on a normal paper sheet and a post card (1010 in 
35 Fig. 19B). In tiiis case, the normal paper sheet has a thickness of about 0.1 mm thick and the post card has a thickness 
of about 0.2mm. One of tiie normal paper sheet and the post card (or a printing medium having a thickness value 
between those values of them) is used for a reference for correcting the printing-position off-set. and tiie distance from 
the ink ejecting surface of tiie recording head to the printing surface of the printing medium is adjusted to as to con-ect 
the off-set. Then, the printer prints on tiie other sheet (both tiie sheets when the printing medium of the medium thlck- 
40 ness is used for tiie reference). In this case, an off-set of the printing position in tiie fonvard scan from the printing posi- 
tion in the reverse scan is not so distinguished. 

[0007] Let us consider another case where Identical images are printed on thick printing media of about 1 .5mm thicK 
such as lafc>el sheets and thick sheets, in addition to the normal paper sheets and the post cards. The normal paper 
sheet or the post card is used for a reference for correcting the printing-position off-set, and the distance from tfie ink 
45 ejecting surfiace of tiie recording head to the printing surface of the printing medium is adjusted to as to correct the off- 
set. In tills case, a great printing-position off-set PO* is created when the printer prints on tiiose thick printing media 
(1011 in Fig. 19B). 

[0008] The related bi-directional printer is not designed such that it can handle various types of printing media of dif- 
ferent thickness values. To correct tiie printing-position off-set. the related printer takes the following tasks: every time 

50 a printing medium having a different thickness is set to the printer, a test pattern is printed on the printing medium set 
anew; and an operator adjusts a position of the platen and/or recording head on tiie basis of the print result of the test 
pattern to set up a proper distance from the ink ejecting surface of tiie recording head to the printing surfece of the print- 
ing medium. Following those tasks, tiie printer prints on the printing medium. The execution of tiiose tasks is compli- 
cated and troublesome, and imposes heavy on the operator. 

55 [0009] A viscosity of ink varies with variation of temperature. A variation of the viscosity of ink results in a velocity of 
ejecting an ink drop from tiie recording head. Normally, the recording head per se has a temperature-dependency. 
Therefore, when temperature of tiie recording head varies, the ink ejecting velocity also varies. Thus, an ink ejection 
direction is expressed by a composite vector of the moving velocity vector of tiie recording head aiad the ejecting veloc- 



BNSDOCtD: <EP 0982146A2J_> 



2 



EP 0 982 146 A2 



ity vector of the ejecting ink drop. Therefore, when the ink ejecting velocity varies, the ink ejecting direction varies. This 
yields a printing-position off-set between the forward scan and the reverse scan. 

[0010] Some of recent bi-directional printer are capable of printing on a printing medium o1 large size, e.g., AO. To " 
print on a large size printing medium by use of the bi<firectional printer, the printing is contiguously performed for a rel- 
5 atively long time. During the long printing operation, temperature of the recording head varies and an ink ejecting direc- 
tion varies. Therefore, the following expedience is inevasible. Even if the ink-ejection timing is corrected so as to 
eliminate the printing-position off-set between the forward and reverse scans by the recording head before printing on 
the printing medium starts, a temperature variation of the recording head during the printing operation inevitably yields 
a printing-position off-set between the forward and reverse scans. 

10 

SUMMARY OF THE INVENTION 

[001 1 1 For the above background reasons, the present invention is made and has an object to lessen stress inrposed 
upon the operator when bi-directional printing on various types of printing media are carried out. The invention has 
75 another object to obviate a printing-position off-set between the fonward scan and the reverse scan, which arises from 
the temperature<lependency of the recording head and ink used. 

[0012] In order to achieve the above object, according to a first aspect of the present invention, there is provided a 
printer capable of printing on a printing medium in both a forward scan and a reverse scan by a recording head for eject- 
ing ink drops, comprising: interface means for acquiring control information containing at least information on a thick- 
20 ness of the printing medium; and timing correction means for correcting timings of ejecting ink drops toward the printing 
medium during at least one of the fonward and reverse scans in accordarce witii the thickness information of the print- 
ing medium contained in the control information acquired by the interface means. 

[0013] The interface means may be input means, e.g., an operation panel, for receiving conti-ol information entered 
by an operator. It may be a variety of sensors for sensing temperature and sheet thickness or means for acquiring con- 

25 trol information from a print confroller (for transmitting print data) connected to a printer by way of a communication line. 
[0014] The printer acquires control information automatically or an operator by use of the interface means. The timing 
correction means corrects timings of ejecting ink drops toward the printing medium during at least one of ttie fonward 
and reverse scans in accordance with a distance from an ink ejecting surface of the recording head to a printing surface 
of the printing medium, which the distance is determined by the thickness information of the printing medium contained 

30 in the contix)! information acquired by the interface means. An advantageous feature of the thus constructed printer is 
to lessen stress imposed to the operator when conparing with a case where the related bidirectional printer prints on 
various types of printing media of different thickness In a bi^jirectional printing mode. 

[001 5] PreferatHy, the control information contains information on an ink ejecting velocity and information on a moving 
velocity of tiie recording head. The timing correction means corrects timing of ejecting ink drops to the printing medium 
35 in accordance with a distance from an ink ejecting surface of the recording head to a printing surface of the printing 
medium, which the distance is determined by the tiiickness Information of the printing medium contained in the control 
information received from the print controller, and an ink ejecting direction specified by the information on the ink eject- 
ing velocity and the moving velocity of the recording head. 

[0016] This technical feature advantageously operates in a situation where an ink ejecting velocity and a moving 

40 velocity of the recording head are varied in accordance with a sort of printing medium to be used. In this situation, a 
timing of ejecting an Ink drop on a printing medium can be corrected so as to con-ect a printing-position off -set between 
the forward and reverse scans. Thus, the printing-position off-set can be corrected with high precision. 
[001 7] According to a second aspect of the present invention, there is provided a printer capable of printing in both a 
forward scan and a reverse scan by a recording head for ejecting ink drops, comprising: storing means for storing a 

45 mathematical expression describing a relation of a thickness of the printing medium with an ejection-timing correction 
quantity during at least one of the forward and reverse scans; con-ection-quantity calculating means for calculating an 
ejection-timing correction quantity dependent on a thickness of tiie printing medium to be under printing by use of the 
expression; and timing control means for controlling a timing to eject an ink drop onto the printing medium to be under 
printing in at least one of the fonward and reverse scans in accordance with an ejection-timing correction quantity cal- 

so culated by the correction-quantity calculating means. 

[0018] The printer may include means, e g., an operation panel, for receiving the medium-thickness information 
entered by an operator. The thickness information of the printing medium to be under printing may t)e acquired by use 
of the reception means. Alternatively, it may be received from a print controller (for transmitting print data) connected to 
a printer by way of a communication line. In a second alternative, the medium tiiickness information may be acquired 

55 by use of a sensor, which is provided for detecting a thickness of a printing medium set on a platen. 

[0019] In the printer, a nnathennatical expression is prepared in advance which describes a relation between a thick- 
ness of a printing medium, which specifies a distance between the ink ejecting sirfface of the recording head and the 
printing surface of the printing medium, and an ejection-timing correction quantity in at lea§Lpne of the forward and 
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reverse scans. The printer calculates an ejection-timing con-ection quantity which is dependent on a distance between 
the ink ejecting surface of the recording head and the printing surface of the printing medium, which the distance is 
specified by a thickness of a printing medium to be under printing, by use of the expression, and-corrects a timing of 
ejecting an ink drop to the printing medium in at least one of the forward and reverse scans in accordance with the cal- 
5 cuiated ejection-timing correction quantity. 

[0020] With the use of the mathematical expression, the printer corrects an off-set of the printing position in the for- 
ward scan relative to that in the reverse scan, v^rtiich arises from the bi-directional printing applied to various types of 
printing media of different thickness. Therefore, the thus constructed printer is capable of lessening stress imposed to 
the operator when comparing with a case where tiie related bi-directional printer prints on various types of printing 

10 media of different thickness in a bi-directional printing mode. 

[0021] The ejection-timing correction quantity for a thickness of a printing medium to be under printing is calculated 
by use of the mathematical expression prepared in advance. Because of this, a memory capacity of the memory for 
storing the ejection-timing correction quantity may l>e reduced when comparing with a case of storing in advance the 
ejection-timing correction quantities prepared for various types of printing media of different thickness. 

15 [0022] The mathematical expression may be constructed by calculating ejection-timing correction quantities to correct 
printing-position off-set each between the forward scan and the reverse scan at least two different distances each from 
the ink ejection surface of the recording head to the printing surface of the printing medium. 
[0023] The mathematical expression is expressed by 



20 



25 



D= — H+ ^ ^ — 



where 



D : ejecting-timing correction quantity to be calculated: 

H : distance from the ink ejection surface of the recording head to the printing surface of the printing medium to be 
under printing (viz.. the printing medium for which the ejection-timing correction quantity is to be calculated) (The 
distance H is determined by a printing medium to be under printing.); 
30 Di : ejecting-timing correction quantity when a distance from the ink ejection surface of the recording head to the 

printing surface of tiie prirrting medium is H^; and 

□2 : ejecting-timing correction quantity when a distance from the ink ejection surface of the recording head to the 
printing surface of the printing medium is H2. 

35 [0024] For example, when a distance (platen gap) from tiie ink ejecting surface of tiie recording head to the platen is 
fixed at P, the printer prints on two types of printing media (reference sheets) of different thickness values Ti and T2, 
and calculates ejection-timing correction quantities and D2 to correct ttie printing-position off-set between the for- 
ward scan and the reverse scan for the reference sheets. Here, the distance from the ink ejecting surface of the record- 
ing head to the printing surface of the printing medium is equal to the result of subtracting a thickness of the printing 

40 medium from the platen gap. The abowe nratiiematical expression can be arranged into 

45 

where T : thickness of a prirrting medium to be under printing (viz., the printing medium for which the ejection-timing 
connection quantity is to be calculated). 

[0025] For exannple, when the platen gap may be set to or P2 by moving the platen or the recording head, tiie 
printer prints a printing medium (reference sheet) of a thickness value T^ at the platen gaps and P2 in a bi-directional 
so printing mode, and calculates ejection-timing conrection quantities and D2 to correct the printing-position off-sets 
each between the forward scan and the reverse scan. Since the distance from the ink ejecting surlace of the recording 
head to the printing surface of the prirrting medium is equal to the result of subtracting the medium thickness from the 
platen gap. the above mathematical expression may be arranged into 

^ D—BsBl— IP xx. Pi(P2-7-i)-02(Pi-7-^) 

(Pi-T-iHPz-T,) ^"^"^ (P2-7-,HPi-T,) 
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where P : platen gap value (P^ or P2) used for printing on the printing medium to be under printing. 
[0026] According to a third aspect of the present invention, there is provided a printer capable of printing on a printing 
medium in both a fonward scan and a reverse scan by a recording head for ejecting ink drops, comprising: temperature , " 
detecting means for detecting temperature of the recording head; and timing correction means for correcting a timing 
of ejecting an ink drop to the printing medium in at least one of the forward and reverse scans in accordance with the 
temperature of the recording head detected by the head temperature detecting means. 

[0027] The printer detects temperature of the recording head by tenperature detecting means. The timing correction 
means corrects a timing of ejecting an ink drop to the printing medium in at least one of the forward and reverse scans 
in accordance with an ink ejecting direction to the printing medium, which is specified by the temperature of the record- 
ing head detected by the head temperature detecting means. Therefore, the prrrrter can obviate a printing-position off- 
set between the forward scan and the reverse scan, which arises from the temperature-dependency of the recording 
head and ink used. 

[0026] The printer may include home-position detecting means for detecting that the recording head reaches a home 
position. In this case, when the home-position detecting means for delecting that the recording head reaches a home 
position, the timing correction means corrects a timing of ejecting an ink drop to the printing medium in at least one of 
the forward and reverse scans in accordance with the temperature of the recording head detected by the head temper- 
ature detecting means. 

[0029] Accordingly, every time the recording head reaches the home position, the ink ejection timing is corrected In 
accordance with a head temperature at that time. In other words, every time the recording head moves forward and 
returns to the home position, the ink ejection timing is corrected on the basis of the newest recording head temperature. 
Therefore, the printer can obviate a printing-position off-set between the forward scan and the reverse scan in the bi- 
directional printing mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0030] In the accompanying drawings: 

Fig. 1 is a block diagram showing a configuration of a printing system according to a first embodiment of the present 
invention; 

30 Fig. 2 is a block diagram showing a hardware configuration of the printer shown in Fig. 1 ; 

Fig. 3 is a diagram showing an exemplar select screen formed by the instruction receiving section 11 in tiie print 
controller 1 ; 

Figs. 4A and 4B are views showing a structure including a part of tiie printer engine section 22 in the printer 2 and 
various types of sensors 26 to 29; 
35 Figs. 5 to 7 are diagrams showing tables contained in the timing correction section 231 of the printer 2 shown in 
Fig. 1; 

Fig. 8 is a diagram showing a test pattern for detecting a thickness of a printing medium; 

Fig. 9 is a flow chart for explaining an operation of the printing system when the operator registers the test-pattern 
print result to the printer 2; 

40 Fig. 10 is a flow chart for explaining an operation of tiie printing system when the operator selects medium thick- 
ness information on the operation panel of the printer 2; 

Fig. 1 1 is a flow chart for explaining an operation of the print controller 1 when print data is printed on a printing 
medium in the first embodiment; 

Fig. 12 is a flow chart for explaining an operation of the printer 2 when print data is printed on a printing medium in 
45 the first embodiment; 

Fig. 13 is a block diagram showing a printing system according to a second embodiment of the present invention; 

Fig. 14 is a graph showing a variation of an ejection-timing correction quantity D with respect to a distance H from 

the ink ejection surface of the recording head to the printing surface of the recording head; 

Fig. 15 is a diagram showing test patterns printed on a printing medium (reference sheet) for detecting an ejection- 
50 timing correction quantity D in the reverse scan with respect to ttiat in the forward scan; 

Fig. 16 is a flow chart for explaining an operation of the printing system when a formula describing a relation 

between the medium thickness and an ejection-timing correction quantity is derived; 

Fig. 17 is a flow chart for explaining an operatbn of the print controller 1 when print data Is printed on a printing 
medium in the second embodiment; 
55 Fig. 18 is a flow chart for explaining an operation of tiie printer 2 when print data is printed on a printing medium in 
the secorvj emt)odimerrt; and 

Figs. 1 9A and 1 93 are diagrams for explaining a printing-position off-set between the fonward scan and the reverse 
scan, which arises from the medium thickness difference. _ 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0031] The preferred errixxJiments of the present invention will be described with reference to the accompanying 
drawing. 

5 [0032] A first embodiment of the present invention will first be described. 

[0033] Fig. 1 is a block diagram showing a configuration of a printing system according to a first embodiment of the 
present invention. 

[0034] As shown, the printing system is competed of a print controller 1 and an ink jet printer 2. 

[0035] The print controller 1 Is made up of an instruction receiving section 1 1 for receiving an instruction from an oper- 

w ator through a display screen, a printer controller section 1 2 for generating print data and control data for the print data, 
and an Interface section 13 interfacing with the printer 2 for data transfer to and from the latter. 
[0036] The print controller 1 may be arranged as shown in Fig. 2. The print controller 1 may be a general information 
processor, such as a personal computer, which includes a CPU 101 , a memory 102, an external storage device 103. 
such as a hard disc, an Information reader 104 for reading out information from a portaljle, information recording 

15 medium 108. such as FD or CD-ROM, an input device 105, such as a keyboard or a mouse, a display device 106, and 
an interface 107 interfacing with a network, e.g., an internet, the printer 2. the external storage device 103. the informa- 
tion reader 104, the input device 105, the display device 106, the CPU 101. and the memory 102. The image processor 
thus constructed in hardware Is arranged into a process In a manner that a print control program (printer driver), which 
is stored in the portable inforrr^tlon recording medium 108, is loaded into the external storage device 103 by use of the 

20 information reader 104, and it is loaded from the external storage device 103 irrto the memory 102 and executed by the 
CPU 101. or that the printer driver Is down-loaded through a network Into the external storage device 103. and it is 
loaded, as occasion demands, from the external storage device 103 into the memory 102 or directly down-loaded into 
the memory 102. and it is executed by the CPU 101. 

[0037] The instruction receiving section 1 1 drives the print controller 1 as the information processor before printing 
25 commences (transmission of print data), and in turn the print controller 1 drives its display device to display a selection 
screen, which contain options of sizes and sorts of printing media, print quality modes (normal mode/high resolution 
mode), printing speed (moving velocity of the recording head), and others. The selection screen is presented to a 
printer operator or user for selection of his or her desired options. 

[0038] An example of the selection screen presented in response to the instruction from the instruction receiving sec- 
30 tion 1 1 is shown in Rg. 3. 

[0039] As shown, the selection screen contains option keys for medium size and sort, print quality and printing speed. 
The operator select his desired options and then pushes a print start key. Then, the conditions for the selected options 
are output to the print controller 1. 

[0040] The printer controller section 12 responds to a print start instruction received by the instruction receiving sec- 
35 tion 1 1 . and generates print data to the printer 2. The printer controller section 12 contains a table (not shown) in which 
sorts and thickness values of printing media are tabulated in a corresponding fashion. It reads out a medium thickness 
associated with a sort of the printing medium received by the instruction receiving section 1 1 . and transfers the medium 
thickness information as control information for the generated print data to the interface section 13. At this time, the 
information on the medium size and print quality mode, which are received by the instruction receiving section 1 1 , are 
40 also transfen^ed as the control information to the same. Subsequently, the generated print data is transferred to the 
interface section 13. 

[0041] The printer 2, as shown in Rg. 1 . is made up of an interface section 21 interfacing with the print controller 1 . a 
printer engine section 22. a controller section 23 for controlling the printer engine section 22 so that it prints on the print- 
ing medium in a bi-directional printing mode in accordance with the print data, an instruction receiving section 24 for 

45 receiving an Instruction from the operator, a storage section 25 as a nonvolatile rewritable memory, e.g., NVRAI^. and 
sensors 26 to 29 for sensirig various states of the printer 2. The printer engine section 22 referred to above includes a 
recording head for ejecting inkdrops. a platen, a carriage drive mechanism for driving a carriage for carrying the record- 
ing head, a sheet feeding mechanism, and a sheet supply/discharge nnechanism for supplying sheets of printing media 
to and discharging the same from the printer 2. 

so [0042] The printer engine section 22 includes a platen gap adjusting section 221 for adjusting a gap from an ink Meet- 
ing surface of the recording head to the platen, r^s. 4A and 4B schematically show a structure containing a part of the 
printer engine section 22 arxJ the sensors 26 to 29. 

[0043] As shown in Rg. 4A. a printing medium 201 is supported on a platen 202, and fed in an arrow direction by 
means of sheet-feeding and supply/discharge mechanisms (not shown). A recording head 203 is held by a carriage 
55 204. The carriage 204 is moved on and along a carriage rail 205 by means of a carriage drive mechanism (not shown). 
The sensor 29 is a home position sensor and consists of a photo sensor. It senses an arrival of the carriage 204 at the 
home position, and sends its output signal to the controller section 23. 

[0044] As shown in Fig. 4B, the carriage 204 includes a carriage body 2041 used for its movement on and along the 
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carriage 204 and a head holder 2042 for holding the recording head 203 therein. 

[0045] The head holder 2042 is suspended from the carriage body 2041 by means of lifting springs 2043 in a state 
that elevation of the carriage body 2041 may be adjusted by positioning cam member 2044. The sensor 27 is a platen - 
gap sensor and consists of a photo sensor. It detects a status of positioning cam means 2044 by detecting a mark on 
5 the positioning cam means 2044. A detected cam state is transfen-ed to the controller section 23. The storage section 
25 stores a table in which cam states and platen gap values are tabulated in corresponding fashion. The controller sec- 
tion 23 looks up a platen gap value associated with a cam state detected by the platen gap sensor 27 in the table stored 
in the storage section 25. 

[0046] The positioning cam means 2044 is coupled to a cam drive gear 2045. At the home position, the cam drive 
10 gear 2045 is in mesh with another gear (not shown), and is rotated in this state. When receiving a platen gap adjust 
instruction from the operator through the instruction receiving section 24. the controller section 23 informs the platen 
gap adjusting section 221 of the instruction receiving. The platen gap adjusting section 221 rotates, in accordance with 
the instruction, the cam drive gear 2045 which in turn drives the positioning cam means 2044, when the carriage 204 
is at the home position (the controller can know this carriage position by a signal from the home position sensor 29). 
15 The result is to adjust a platen gap. In the platen gap adjustment, the platen gap is set at a platen gap value or P2 in 
this instance. 

[0047] The sensor 26 as an ink sensor 26 (photo sensor) and the sensor 28 as a thermal sensor 28 are attached to 
the head holder 2042. An ID code 2031 is attached to the recording head 203. When the recording head 203 is set to 
the head holder 2042, the ink sensor 26 reads out the fD code 2031 , and sends the readout code to the controller sec- 

20 tion 23. A table showing the correspondence between ID codes and sorts of ink is stored in the storage section 25. The 
controller section 23 looks up a sort of ink to be ejected from the recording head 203. which has been loaded to the 
head holder 2042. in the table by use of the ID code detected by the Ink sensor 26. The thermal sensor 28 is located at 
a position near to the nozzle orifices of the recording head 203 loaded into the head holder 2042. The sensor 28 senses 
a temperature of the recording head 203 and sends the sensed one to the controller section 23. 

25 [0048] The controller section 23. as shown in Fig. 1 , includes a timing correction section 231 and a test-pattern-print 
controller section 232. 

[0049] The timing correction section 231 calculates a quantity of a correction of an ink ejection timing in the reverse 
scan with respect to an ink ejection timing in the forward scan (i.e.. a quantity of an off-set J-J* of an ink ejecting position 
in the reverse scan from an ink-ejecting position in the fonward scan; shown in Fig. 19B), and con-eds an ink ejection 
30 timing of the recording head in the reverse scan with respect to the ink ejection timing in the forward scan in accordance 
with the calculated ejection-timing correction quantity. 

[0050] The ejection-timing correction quantity D for an ink ejection timing of the recording head in the reverse scan 
with respect to an ink ejection timing in the forward scan is given by 

35 D = d1+d2 + d3 

where d1 : ejection-direction correction quantity; d2 : sheet-thickness correction quantity; and d3 : temperature correc- 
tion quantity. 

[0051] The ejection-direction correction quantity d1 is determined by an ink ejection velocity and a recording head 
40 moving velocity. As already described, a direction of ejecting an Ink drop is expressed by a composite vector of an ink 
ejection velocity vector and a moving velocity vector of the recording head: Therefore, if an ink ejection velocity or a 
recording head movirrg velocity vary, the ink ejection direction also varies, and hence an off-set quantity of the printing 
position between the forward scan and the reverse scan by the recording head varies. To cope with this, the present 
enrdDodiment varies a correction quantity of an ink drop ejection timing in the reverse scan with respect to an ink drop 
45 ejection timing in the forward scan by use of information concerning (affecting) the ink ejection velocity and the record- 
ing head moving velocity, such as printing speed, print quality mode, and sort of Ink. 

[0052] The storage section 25 stores tables as shown in Fig. 5; a first table 301 (Fig. 5A) tabulating printing speed 
(moving velocity of tiie recording head) vs. correction quantity, a second table 302 (Fig. 5B) tabulating print quality mode 
vs. con-ection quantity, and a tiiird table 303 (Fig. 5C) tabulating sort of ink vs. correction quantity. 

50 [0053] The timing correction section 231 reads out correction quantities from those tables 301 to 303 by use of infor- 
mation on printing speed (e.g.. 300cps^00cps) contained in the control data, which is received from the print controller 
1 tiirough the interface section 21 , information on the print quality mode (e.g.. draft/standard/high resolution), and infor- 
mation on the sorts of ink (e.g., dyeyjiigment) received from the ink sensor 26. Then, the timing correction section 231 
sums the readout correction quantities and uses it as an ejection-direction correction quantity d1 . 

55 [0054] The correction quantities stored in the tables 301 to 303 (Fig. 5) may be determined empirically. The print qua!- - 
ity modes and the sorts of ink are put In predetermined conditions (default values), and in this state, ink ejection-timing 
correction quantities to minimize the printing-position off-set between the fonward scan and the reverse scan are empir- 
ically obtained at the printing speeds at which the printer 2 is operable, and the resultant quantities are stored in tiie first 
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table 301 . Similarly, the printing speed and the sorts of ink are put in predeternrtined conditions (default values), and in 
this state, ink ejection-timing correction quantities to minimize the printing-position off-set between the forward scan and 
the reverse scan are empirically obtained at the print quality modes in which the printer 2 is operable, and the resultant 
quantities are stored in the second table 302. Further, the printing speed and the print quality modes are put in prede- 
5 termined conditions (default values), and in this state, ink ejection-timing correction quantities to minimize the printing- 
position off-set between the fbnward scan and the reverse scan are empirically obtained at the sorts of ink which can be 
used by the printer 2, the resultant quantities are stored in the first table 301 . In tiiis way. the tables 301 to 303 shown 
in Fig. 5 can be prepared. 

[0055] The sheet-thickness correction quantity d2 is determined by a distance from the ink ejection surface of the 
10 recording head to the printing surface of the printing medium. The printing position on the printing medium varies when 
the distance from the ink ejection surface of the recording head to the printing surface of the printing medium varies, 
even if the ink ejection velocity and the moving speed of the recording head, viz., the ink ejection direction, are invaria- 
ble. Therefore, a variation of the distance from the ^ecting-surface to the printing-surface varies leads to a variation of 
the printing-position off-set between the forward scan and the reverse scan, information concerning (affecting) the ink 
15 ejection velocity and the recording head moving velocity, such as printing speed, print quality mode, and sort of Ink. To 
cope with this, the present embodiment varies a correction quantity of an ink drop ejection timing in the reverse scan 
with respect to an ink drop ejection timing in the forward scan by use of information concerning (affecting) the distance 
from the ink ejection surface of the recording head to the printing surface of the printing medium, such as the medium 
thickness and the platen gap. 

20 [0056] The storage section 25 stores a correction-quantity determining table (i) 401 (conresponding to the tables (1) 
to (12) in the at»ove instance) as shown in Fig. 6. The correction-quantity determining table (I) 401 contains each of the 
comk^inations of the contents that the following Information can take (a total of 12 combinations in the above instance), 
with the parameters being the distance from the ink ejecting surface specified by the medium thickness and the platen 
gap and the surface of the printing medium: those pieces of information concern printing speed (e.g.. 300cps/200cps) 

25 contained in the control data, which is received from the print controller 1 through the interface section 21 , information 
on the print quality mode (e.g.. draft/standard/high resolution), and information on the sorts of ink (e.g., dye/pigment). 
[0057] The timing conrection section 231 calculates a distance (P - T; P: platen gap. T: thickness of the printing 
medium) from the ink ejecting surface of the recording head to the printing surface of the printing medium by use of 1) 
information on the medium thickness contained in the control data, which is received through the interface section 21 

30 from the print controller 1 or 2) information on tiie medium thickness that the operator selects using the instruction 
receiving section 24 to be described later, and 3) a platen gap detected by the platen gap sensor 27. Then, the timing 
correction section 231 reads out a correction quantity associated with tiie distance (P - T) from the correction-quantity 
determining table 401 . which contains each of the combinations of information on printing speed actually used for deter- 
mining the ejection-direction correction quantity d1 . information on the print quality mode, and information on the sorts 

35 of ink. And it sets the readout correction quantity as a sheet-thickness correction quantity d2. 

[0058] The reason why the table is provided each of the combinations of tiie contents tfiat tiie following information 
can take: information on printing speed, irrformation on the print quality mode, and information on the sorts of InK fol- 
lows. A printing-position off-set between the forward scan arxl the reverse scan, which arises from a variation of the dis- 
tance from tiie ink ejecting surface of the recording head to tiie printing surface of the printing medium, varies with a 

40 variation of the ink ejection direction, which is expressed by a composite vector of an ink ejection velocity vector and a 
moving velocity vector of the recording head, 

[0059] The correction quantities to be stored in the correction-quantity determining table 401 (Fig. 6) can be obtained 
errpiriccilly. Ink ejection-timing correction quantity to minimize the printing-position off -set between the forvi/ard scan and 
the reverse scan are experimentally obtained at each distance from the ink ejecting surface of the recording head to the 

45 medium surface, which is determined by a thickness of a printing medium acceptable in use by the printer 2 artd a 
platen gap adjustable by the platen gap adjusting section 221. The resuHant quantities are stored into the correction- 
quantity determining table 401. The correction-quantity determining table 401 shown in Rg. 6 can be formed by per- 
forming the above task for each combination of the contents that the following information can take: information on print- 
ing speed, information on the print quality mode, and information on the sorts of ink. 

50 [0060] A temperature correction quantity dS is determined by temperature of the recording head and ink. The present 
embodiment condensates for a variation of the ink ejecting velocity (determining an a amount of ink per dot), which 
arises from a temperature variation of the recording head, while allowing for temp^ature characteristics of the record- 
ing head and ink. 

[0061] The timing correction section 231 calculates a correction quantity by putting a temperature of the recording 
55 head, detected by the temperature sensor 28. into the following connection expression. 

Th < Th1 d3 = Th • tel + tf 1 
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Thi < Th ^ Th2 d3 =Th • te2 + tf2 

Th2 <Th d3 =Th • te3 + ft3 

5 where 

Th : temperature of the recording head received from the temperature sensor 28; 

Thi to Th3 : temperature values dependent on the temperature characteristics of the recording head and ink; 
tf1 to tf3 : constants determined by the temperature values Thi to Th3; 
10 and 

tel to te3 : coefficients determined by the tennperature values Thi to ThS. 

[0062] The values of the constants ft1 to ft3 and the coefficients tel to te3 are determined by the combinations of 
printing speed, print quality mode, sort of ink. and distance from the ink ejecting surface of the recording head and the 

15 printing surface of the printing medium. 

[0063] TTie reasons why the values of the constants tf1 to tf3 and the coefficients te1 to te3 are determined by the 
combinations of printing speed, print quality mode, sort of ink, and distance from the ink ejecting surface of the record- 
ing head and the printing surface of the printing medium, follows. A first reason is that an influence of an ink ejecting 
velocity variation, caused by the tenrtperature characteristics of the recording head and inK upon the ink ejecting direc- 

20 tion. are dependent on the printing speed, the print quality mode and the sort of ink. A second reason is that this influ- 
ence on the ink ejecting direction, which is affected to the off-set. also varies depending on the distance from the ink 
ejecting surface of the recording head to the printing surface of the printing medium. 

[0064] The values of the constants tf 1 to tf3 and the coefficients tel to te3 may also be determined empirically. A rela- 
tion of temperature of the recording head (or ink) with an ejection-timing correction quantity to minimize a printing-posi- 
25 tion off -set between the forward scan and the reverse scan is obtained by experiment, and the constants and the 
coefficients are calculated by use of the resultant relation. The values of the constants tf 1 to tf3 and the coefficients tel 
to te3 are obtained by performing the above task for each combination of the printing speed, the print quality mode, the 
sort of ink, and the distance from the ink ejecting surface of the recording head to the printing surface of the printing 
medium. 

30 [0065] The correction-quantity determining table (i) 501 (corresponding to the tables (1) to (12)) as shown in Fig. 7 
may be stored in the storage section 25, instead of calculating the tennperature correction quantity d3 by use of tiie cor- 
rection expression. The correction-quantity determining table (i) 501 contains each of the combinations of the contents 
that the following information can take (a total of 12 combinations in the above instance), with the parameters being the 
distance from the ink ejecting surface specified by tiie medium thickness arKi the platen gap and the surfece of the print- 

35 ing medium: those pieces of information concern printing speed (e.g., 300cps/200cps), information on the print quality 
mode (e.g.. draft/standardAiigh resolution), and information on the sorts of Ink (e.g.. dye/iaigment). 
[0066] The timing correction section 231 reads out a correction quarrtity associated with the distance ti'om the ink 
ejection surface to the medium surface and an ink temperature, from the correction-quantity determining table which 
contains each of the combinations of information on printing speed actually used for determining the ejection-direction 

40 correction quantity d1. information on the print quality mode, and information on the sorts of Ink. calculates a distance 
(P - T; P: platen gap, T: thickness of the printing medium) from the ink ejecting surface of the recording head to the print- 
ing surface of the printing medium by use of 1) information on the medium thickness contained in the control data, which 
is received through the interface section 21 from the print controller 1 or 2) information on tiie medium thickness that 
operator selects using tiie instruction receiving section 24 to be described later, and 3) a platen gap detected by the 

45 platen gap sensor 27. Then, the timing correction section 231 reads out a correction quantity associated with the dis- 
tance (P - T) from the correction-quantity determining table 401. The table contains each of the combinations of infor- 
mation on printing speed actually used for determining the ejection-direction correction quantity d1 . information on the 
print quality mode, and information on the sorts of ink. And it sets the readout correction quantity as a temperature cor- 
rection quantity d3. 

so [0067] The ejection-direction correction quantity d1 and sheet-thickness correction quantity d2 are calculated by use 
of the corrtrol data, which comes from the print controller 1 before the printing operation starts. It never happens that 
the values of those quantities are changed during the printing operation. However, the temperature correction quantity 
d3 is calculated by use of a head temperature sensed by the tenperature sensor 27 every time the home position sen- 
sor 29 senses that the recording head reaches the home position. Therefore, the ejection-timing correction quantity D 

55 is calculated every time the recording head reaches the home position, viz.. the recording head 1 moves forward and 
rehjrns to the home position. 

[0066] When the instruction receiving section 24 receives a test pattern print instruction, the test-pattern-print con- 
troller section 232 controls the printer engine section 22 so that it prints a test pattern, whirls used for detecting a 
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thickness of a printing medium set in the printer 2, on the same printing medium in the bi^firectional printing mode in a 
state that the printing speed, the print quality mode, and the platen gap are put in predetermined conditions (default val- 
ues). 

[0069] Fig. 8 shows a diagram showing an example of a printing medium with a test pattern printed thereon, which is 
used for a thickness of a printing medium. 

[0070] As shown, the test pattern consists of two patterns of vertical short bars serially and horizontally arrayed; an 
upper sub-pattern LI printed by the fonward scan and a lower sub-pattern L2 printed by the reverse scan. Ink ejection 
timings in both the fonward and reverse scans are adjusted so that when those upper and lower sub-patterns are printed 
on a printing medium of a predetermined friickness, the printing positions in the fonward scan are respectively coinci- 
dent with those in the reverse scan, and the vertical shod bars of the upper sub-pattern are respectively aligned with 
those of the lower sub-pattern to form one pattem of vertical long bars arranged side by side. In other vw>rds. one can 
know a thickness of a printing medium by finding a printed test pattQ-n in which the vertical short bars of the upper sub- 
pattern are respectively aligned with those of the lower sub-pattern to form one pattern of vertical long bars serially and 
horizontally arrayed. In Fig. 8, numbers attached to above the vertical short bars of the upper this case, the operator 
uses the instruction receiving section 24 for registering the print result. 

[0071] The instruction receiving section 24 includes an operation panel (not shown), which is provided in the printer 
body. It receives a test pattern print instruction, an instruction for registering a test pattern print results or an instruction 
to select one of the test pattern print results, which were registered by the registering instruction. Those instructions are 
entered by the operator. 

[0072] The storage section 25 stores a table storing the correspondence between identification information (numt>ers) 
of vertical bars of the test pattern and information on a thickness of a printing medium when each pair of the corre- 
sponding vertical short bars of the upper and lower sub-patterns are aligned with each other to form one long vertical 
bar The identification information (numbers) of vertical bars of the test pattern, specified by the operator, and the reg- 
ister names (e.g., names of the printing media) are correspondingly stored in accordance with a registering instiruction 
of the test pattern print result. 

[0073] An operation of tiie printing system thus constructed will be described. 

[0074] An operation to register the print result of the test pattern into the printer 2 will be described. 

[0075] Rg. 9 is a flow chart showing an operation of the printing system when tiie operator registers the test pattem 

print result into the printer 2. 

[0076] The operator sets a desired printing medium to the printer 2. and enters an instruction to start printing of a test 
pattern by use of the operation panel (step S101). The instruction receiving section 24 receives the instruction and 
informs the test-pattern-print controller section 232 of the reception of tiie instruction. Upon receipt of it. the test-pat- 
tern-print controller section 232 controls the printer engine section 22 so as to print a test pattern, which is for detecting 
a thickness of the printing medium, on the printing medium already set in a bi-directional printing mode in the predeter- 
mined conditions (at the default values) about the ink ejection velocity, the head moving velocity, the sort of ink, and the 
platen position. As a result, a test pattern as shown in Fig. 8 is printed on the set printing medium (step S102). 
[0077] Then, tiie operator enters an instruction to register a test pattern print result on the operation panel (step 
S103); the instruction receiving section 24 receives the entered instruction; and receives the nunt>er assigned to one 
pair of vertical short bars of the test pattern as shown in Fig. 8 and a register name of that number (e.g., a name of the 
printing medium on which a test pattern is printed) (step SI 04). Thereafter, the storage section 25 stores the nunU)er 
of the input vertical line and the register name in a corresporxJing fashion (step S105). 

[0078] An operation of the printing system when the operator selects thickness information of the printing medium on 
the operation panel of the printer 2, will be described. 

[0079] Fig. 10 is a flow chart showing an operation of the printing system when the operator selects thickness infor- 
mation of the printing medium on the operation panel of the printer 2. 

[0080] When the Instruction receiving section 24 of the printer 2 receives an instruction to designate the thickness 
information of the printing medium (step S121). a list of the register names, v^rhich are stored in the storage section 25 
in accordance vnth the test-pattern print result registering process (Fig. 9). are displayed on the screen of the liquid 
crystal display device, for example, of the operation panel (step SI 22). It instructs the operator to select one of the reg- 
ister names (which are stored in the storage section 25). 

[0081] When the operator selects the register name on the operation panel (step S123). the instruction receiving sec- 
tion 24 searches for the number of the vertical line number associated with the selected register name in the storage 
section 25 (step S124). Then, the thickness information of the printing medium associated with the searched vertical 
line nurrt)er is read out of the table containing the correspondence of the vertical line numbers and the thickness infor- 
mation of the printing media, which is stored in the storage section 25. the readout thickness information is sent as the 
medium thickness information selected by the operator to the timing connection section 231 of tiie controller section 23 
(step SI 25). 

[0082] An operation of the printer 2 when print data is printed on the printing medium which is^t to th printer, will 
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be described. 

[0083] Fig. 11 is a flow chart shewing an operation of the print controller 1 in the present embodiment when print data 
is printed on the printing medium. 

[0084] To execute the process or printing program flow-charted in Fig. 11, an application software, such as a word 
5 processing software or a graphic software, in the information processor functioning as the print controller 1 issues a 
print start instruction; a print control program, which is stored in the external storage device 103 or the information 
recording medium 108, is in turn loaded into the memory 102; and the CPU 101 executes the program. 
[0085] In the print controller 1 , the instruction receiving section 1 1 displays a select screen as shown in Fig. 3. The 
select screen contains several options, such as the size and sort of the printing media, print quality modes, and printing 
10 speed. The print controller 1 waits till the operator selects those pieces of information and presses the print start key 
(step SI 41). 

[0086] Upon depressing the print start key, the instruction receiving section 1 1 outputs the conditions of each option 
selected on the select screen to the printer controller section 12. Upon receipt of the conditions, the instruction receiving 
section 1 1 reads out the thickness information associated with the sort of the printing medium received by the instruc- 
ts tion receiving section 1 1 , from the table (not shown) containing the correspondence between the sorts of the printing 
media and the thickness information of the printing media, which the table is stored in the external storage device 103. 
Then, the readout thickness information of the printing medium is transferred to the interface section 13, together with 
the information of the medium size and the print quality mode, which are received by the instruction receiving section 
1 1 . In turn, the interface section 13 transfers those pieces of information as the control information for print data to the 
20 printer 2 (step SI 42). 

[0087] The printer controller section 12 generates print data containing text and image of which the printing is 
instructed by a proper application software (e.g., word processing or graphic software), and the print data is transmitted 
to the printer 2. through the interface section 13 (step SI 43). 

[0088] Fig. 12 is a flow chart for explaining an operation of the printer 2 when the print data is printed on the printing 
25 medium. 

[0089] When the printer 2 receives the control data through the interface section 21 (transmission of the control infor- 
mation to the apparatus 2 was performed by the information transmission process of Fig. 1 1) (step S151). the timing 
correction section 231 of the controller section 23 judges as to whether or not the operator selects the medium thick- 
ness information on the operation panel of the printer 2, viz., the medium thickness information has been selected by 

30 the process flow-charted in Fig. 10 (step S152). 

[0090] When the medium thickness information is not selected by the Fig. 10 process flow, the timing correction sec- 
tion 231 uses the medium thickness information contained in the control data received from the print controller 1 as the 
medium thickness information, and calculates a correction quantity D of an ink drop ejection timing in the reverse scan 
with respect to that in the forward scan (step S153) by use of the correction quantity calculating formula (D = an off-set 

35 quantity of an ink ejecting position in the reverse scan with respect to that in the forward scan). 

[0091] When the medium thickness information is selected by the Fig. 10 process flow, the timing correction section 
231 uses the selected medium thickness information as the medium thickness information, and calculates a correction 
quantity D of an ink drop ejection timing in the reverse scan with respect to that in the forward scan (step 8153) by use 
of the correction quantity calculating formula (step S154). 

40 [0092] The controller section 23 controls the printer engine section 22 so that it prints the print data on the printing 
medium in the bi-directional printing mode in the printing conditions specified by the information of the medium size, 
print quality mode, and printing speed, which come from the print controller 1, and in the printing conditions specified 
by the information of the sort of ink and the platen position^ which are sensed by the various sensors of the printer 2. 
And printing of tiie print data on the printing medium starts (step 8156). 

45 [0093] During the printing of the print data on the printing medium, the controller section 23 monitors a signal from 
the home position sensor 29 and detects if the recording head reaches the home position (strap 8157). When the 
recording head reaches the home position, a temperature correction quantity d3 is calculated by use of a head temper- 
ature measured by the tiiermal sensor 28, and an ejection-timing correction quantity D is calculated anew by use of the 
calculated temperature correction quantity d3 (step 8158). Accordingly, the ejection-timing correction quantity D is cal- 

50 culated by use of an updated head temperature every time the recording head returns to the home position during th 
printing of the print data on the printing medium. 

[0094] During the printing of the print data on the printing medium, the controller section 23 monitors a rrroving direc- 
tion of the recording head and judges if the current printing operation is performed through the reverse scan (step 
81 59). When tiie cun-ent printing operation is performed through tiie reverse scan, tiie printer engine section 22 off-sets 
55 an ink ejecting timing of the recording head (ink ejecting position) witii respect to an ink ejecting timing (ink ejecting - 
position) of the recording head when the recording head engages in the printing by the reverse scan by an updated cor- 
rection quantity D calculated by the timing correction section 231 (step 8160). 

[0095] The execution of the steps 8157 to 8160 is continued till the printing of the print dat^on the printing medium 
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ends (stepS161). 

[0096] As described above, in the first embodiment, before transmitting print data, the print controller 1 sends infor- 
mation on a thickness of a printing medium associated with a sort of a printing medium selected by a printer operator 
or user, together with control data for the print data, to the printer 2. In the printer 2, the timing correction section 231 
corrects a timing of ejecting an ink drop onto a printing medium for printing print data on the printing medium in accord- 
anc with the control data including information on a thickness of a printirrg medium. 

[0097] Therefore, the operator can connect a printing-position off-set between the foPAmrd scan and the reverse scan, 
which will occur when the printer prints print data on a variety of printing media in the bi-directional printing mode, by 
merely designating information on a thickness of a printing medium, which is to be transmitted to the printer. Accord- 
ingly, stress imposed on the operator is lessened. 

[0098] In the first embodiment, the timing correction section 231 of the printer 2 calculates an ejection-timing con-ec- 
tion quantity D by use of an updated head temperature measured by the thermal sensor 28 every time the recording 
head returns to the home position. This technical feature prevents a printing-position off-set arising from a temperature 
variation of the recording head during the printing operation. 

[0099] In the embodiment, the printer 2 includes the test-pattern-print controller section 232 for printing a test pattern 
to detect a thickness of a printing medium, and the storage section 25 for storing a table containing the correspondence 
between ttie test pattern print result and the medium tiiickness information. When the instruction receiving section 24 
receives an instruction to register the test pattern print result from a printer operator, the received test pattern print 
result, together with the register name, is stored into tiie storage section 25, When the register name is selected through 
the instruction receiving section 24. it searches for the test pattern print result associated with the selected register 
name in the storage section 25. and looks up medium tiiickness information associated with the searched test pattern 
print result in the table stored in the storage section 25. The timing conection section 231 conects a timing of ejecting 
an ink drop on the printing medium by use of the medium thickness information read out of the table, in place of the 
medium tiiickness information contained in the control data. 

[0100] In this way. even when the printer prints on a printing medium which has been not yet recognized by the print 
controller 1, a printing-position off-set between the fonward scan and tiie reverse scan can be con-ected. 
[0101] In the first embodiment, tiie contirol data to be transmitted from tiie print controller 1 to ttie printer 2 contains 
the information on the print quality mode and the printing speed in addition to the medium thickness information. In a 
case where the values of the print quality mode and tiie printing speed are set at fixed values or those may be measured 
in tiie printer 2, there is no need of transmitting those pieces of information in a state that those are contained in the 
control cteta. In this case, the values of the print quality mode and the printing speed used by the timing correction sec- 
tion 231 of the printer 2 for calculating an ejection-timing correction quantity D between the fonward scan and tiie 
reverse scan are predetermined fixed values or the values entered on the operation board. 

[0102] In the first embodiment, ttie medium tiiickness information is acquired from tiie contirol data received from tiie 
print confroller 1 or from the operator through the operation panel of tiie printer 2. Alternatively, a medium tiiick sensor 
(e.g., a photo sensor) for detecting a thickness of a printing medium set on the platen may be provided for the same 
purpose. In this case, the medium thickness irrformation is acquired from a signal output from the sensor. 
[0103] In tiie first embodiment, tiie timing connection section 231 of tiie printer 2 calculates an ejection-timing correc- 
tion quantity D by use of a head temperature which is updated or sensed by tiie tiiermal sensor 28 every time the 
recording head returns to the home position. In an alternative, a head temperature may be measured in real time, and 
the measured one is used for calculating the ejection-timing correction quantity D. In another alternative, the ejection- 
timing correction quantity D is calculated by use of a head temperature measured before the start of printing, and is 
used for correcting an Ink Section timing during a printing operation. 

[0104] The select screen shown in Fig. 3 is a typical example. Furttier, tiie test pattem shown in Fig. 8 is also a typical 
example, and it may be substituted by any other pattern if it is ak^e to detect the medium thickness. 
[0105] A second embodiment of the present inverrtion will be described. 

[0106] Rg. 13 is a block diagram showing a printing system which is the second emtKxJiment of the invention. 
[01 07] The printing system of Fig. 1 3 is different from the Fig. 1 printing system in XbaX the controller section 23 of the 
printer 2 uses a timing correction section 231a and a test-pattern-print control section 232a in place of the timing cor- 
rection section 231 and the test-patterrvprint controller section 232. The remaining construction of the Rg. 13 printing 
system is substantially the same as of the Rg. 1 one. Therefore, like reference numerals used in Rg. 1 are attached to 
the components in the remaining construction shown in Fig. 13, and description of them will be omitted. 
[0108] The timing correction section 231 a consti^ucts a mathematical expression of a distance H from the ink ejecting 
surface of the recording head to the printing surface, which \s determined by a thickness of a printing medium and a 
platen gap. and an ejection-timing correction quantity D between the forward scan and the reverse scan for each com- 
bination of the information on printing sp ed (e.g.. 300cps/200cps), information on the print quality mode (e.g., 
draft/standard/high resolution), and information on the sorts of ink (e.g., dye/pigment). The mathematical expression 
thus consto-ucted is stored in the storage section 25 in a state that it is arranged in association^^ith tiie print quality 
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mode, the printing speed and the sort of ink. 

[0109] The present inventors found the following fact: an ejection-timing correction quantity D linearly varies with 
respect to the distance H from the ink ejecting surface of the recording head to the printing surfece as shown in Fig. 14. " 
The mathematical expression is given by 

H^-H2 ^ 2~ ^ ^ 



10 where 



: ejection-timing correction quantity when H = 
D2: ejection-timing correction quantity when H = H2 



15 [01 1 0] In the present embodiment, to operate the atxtve expression, the ejection-timing correction quantities and 
D2 each between the forward scan and the reverse scan are calculated when the recording head prints on a printing 
medium (reference sheet) of a predetermined thickness T^ at each of two platen gaps Pi and P2. which are set by the 
platen gap adjusting section 221. (The ejection-timing correction quantities and D2 are each an off-set of an ink 
ejecting position in the reverse scan with respect to that in the forward scan, shown in Fig. 19B) In this case, the dis- 

20 tance H from the ink ejecting surface of the recording head to the printing surface Is equal to the result of subtracting a 
thickness T of a printing medium from a platen gap P. Therefore, the above expression can be rewritten into 



25 



D,-D2 



:(P-r)+ 



D,(P2-7i)-D2(P,-^l) 



(1) 



P2-P, 



30 



The expression (1) is approximately expressed as 



D=p^{P-T.7,)+-y— ^ (2) 
1^2 ^^^^ 



35 [01 1 1 ] The reason why the matiiematical expression is constructed for each combination of the print quality mode, 
printing speed and the sort of ink follows. As described above, an ink ejecting direction is expressed by a composite 
vector of an ink ejecting velocity vector and a moving velocity of the recording head. Accordingly, when the moving 
velocity of the recording head or the ink ejecting velocity vary, the ink ejecting direction also varies and hence a printing- 
speed off-set between the forward scan and the reverse scan also varies. For this reason, in the emtxxliment, the math- 

40 ematical expression is calculated for each combination of the printing speed, the print quality mode and the sort of ink. 
which concern (affect) the ink ejecting velocity and the moving velocity of the recording head, and the resultant one is 
stored in the storing section 25. 

[01 1 2] Where the distance H from the ink ejecting surface of the recording head to the printing surface is too short or 
long, tiie linear relationship between H and D is k>st as seen from Rg. 14. To avoid this, the thickness T^ of the printing 
45 medium (reference printing medium) on which a test pattern is to be printed and the platen gaps P^ and P2 must be set 
so that the mathematical expression holds viz.. the relationship between H and D is linear. 

[01 13] Then, the timing correction section 231 a reads out the expression from the storage section 25 (the mathemat- 
ical expression stored therein respectively corresponding to each combination of the information on printing speed 
(e.g.. 300cps/200cps). information on the print quality mode (e.g.. draft/standard/high resolution), and information on 

50 the sorts of ink (e.g., dye/pigment), which are contained in the control data received from the printer 1 . tiirough the inter- 
face section 21 ; puts the mecfium thickness T specified by the thickness information contained in the control data into 
the mathematical expression to calculate the printing-position off -set between the forward scan and the reverse scan; 
arKJ corrects an ink ejecting timing (ink ejecting position) in the reverse scan with respect to that in the forward scan. 
[01 14] When the insti-uction receiving section 24 receives a test pattern print instruction, the test-pattern-print control 

55 section 232a controls the printer engine s ction 22 so that it prints a test pattern (which is for detecting a correction 
quantity value of an ink ejecting timing (ink ejecting position) in the reverse scan with respect to that in the forward scan) 
on the printing medium (reference printing medium) of the thickness T-i in the conditions of the printing speed and the 
print quality mode designated by the test pattern print instruction received. This process is oar'ed out for each of the 
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platen gaps and P2 by controlling the platen gap adjusting section 23 and adji^ting a position of the recording head. 
[01 1 5] Fig. 1 5 is a diagram shewing an exannple of a printing medium (reference printing medium) having test patterr^ 
printed thereon for detecting a correction quantity of an ink ejection timing in the reverse scan with respect to that In the 
forward scan. 

[01 16] As shown, the conditions of printing speed and a print quality mode designated by a test pattern print instruc- 
tion, and a sod of ink detected by the ink sensor 26 are printed on the reference printing medium, and test patterns are 
printed for detecting a correction quantity for an ink (drop) ejecting timing in the reverse scan with respect to that in the 
forward scan by the recording head. The test patterns are grouped for each of platen gaps and Pg. and each group 
of test patterns are numbered 1 to 7. Those numbers are used when the operator registers the test-pattern print results 
by means of the instruction receiving section 24 to be described later. Each test pattern PT consists of upper and lower 
sub-patterns each consisting of vertical short bars arranged horizontally and serially. The upper sut)-pattern LI is 
printed by the forward scan, while the lower sub-pattern 1.2 is printed by the reverse scan. 

[0117] The test patterns are each printed in a state that an ink ejection timing in the reverse scan is adjusted with 
respect to that in the forward timing by use of an ink ejection-timing con-ection quantity (quantities). Therefore, one can 
know a proper ejection-timing correction quantity by finding a test pattern in which the paired vertical short bars of the 
upper and lower sub-patterns are vertically aligned with each other to form coresponding vertical long bars or an off- 
set of each pair of vertical short bars of the upper and lower sub-patterns is minimized. In the test pattern group of the 
platen gap Pi in Fig. 15. the ink ejection-timing correction quantity used for printing the test pattern numbered 4 is a 
proper one. 

[0118] The instruction receiving section 24 includes an operation panel (not shown), which is installed to the printer 
2. The operator enters a test pattern print instruction or an instruction of registering a test-pattern print-resuH on the 
operation panel. In other words, the instruction receiving section 24 receives those instructions thus entered from the 
operation panel. 

[01 1 9] The storage section 25 stores a table in which the numt>ers of the test patterns (Fig. 1 5) and tfie ejection-timing 
correction quantities used for printing the numbered test patterns are tabulated in correspond! r^g fashion. Further, it 
stores tiie mathematical expression used for calculating the ejection-timing confection quantities calculated by the tim- 
ing correction section 231a in connection with the print quality nxxfe, the printing speed and the sort of ink 
[0120] An operation of ttie printing system thus constructed will be described. 

[0121] An operation to derive a mathematical expression describing a relation of a thickness of a printing medium and 
an ejection-timing correction quantity. 

[0122] Fig. 1 6 Is a flow chart showing an operation of the printing system when the mathematical expression describ- 
ing a relation between the medium thickness and the ejection-timing corection quantity is derived. 
[0123] An operator sets a printing medium (reference printing medium) having a thickness T^ to the printer 2; desig- 
nates a print quality nxxJe and a printing speed on the operation panel; and enters an Instruction of a test pattern print 
start (S1 001 ). In turn, the Instruction receiving section 24 receives those instructions, and informs the pattern-print con- 
trol section 232a of the controller section 23 of tiie reception of the instructions. Upon receipt of this, the pattern-print 
control section 232a sets the platen gap Pi by tiie platen gap adjusting section 221 , and controls tiie printer engine sec- 
tion 22 so that it prints a test pattern in a bi-directional printing mode on the reference medium by the recording head 
at tiie print quality mode and the printing speed, which were set by the operator. In this case, the test pattern Is for 
detecting an ejection-timing correction quantity in the reverse scan with respect to that in the fonward scan. Then, the 
pattern-print control section 232a sets ttie platen gap P2 by ttie platen gap adjusting section 221, and controls tfie 
printer engine section 22 so that it prints a test pattern in a bi-directional printing mode on the reference medium by the 
recording head at the print quality mode and the printing speed, which were set by the operator. Also in this case. \he 
test pattern Is for detecting an ejection-timing correction quantity in the reverse scan with respect to that in the forward 
scan. The result of the printing is as shown In Fig. 15 (step SI 002). 

[0124] Then, the operator enters an instruction to register the print resutt of One test pattern on tiie operation panel 
(step SI 003). The instruction receiving section 24 receives the instruction, and receives from the operation panel the 
print quality mode, the printing speed and tiie sort of ink at which the test pattem was printed, and the numbers of the 
test patterns showing the best results at the platen gaps Pi and P2 from among plural test patterns (Fig. 15) (step 
SI 004). (As already descrit>ed, the test pattern having the best print resutt is such that the vertical short bars of the 
upper sub-pattern of the test pattern are aligned v«th those of the lower sub-pattern to form corttinuous vertical long 
l5ars.) Thereafter, ttie instruction receiving section 24 looks up tiie ejection-timing correction quantity corresponding 
to ttie number of the test pattern having the best print result at the platen gap P^ and tiie ejection-timing correction 
quantity D2 con^esponding to the number of tiie test pattern having the best print result at the platen gap P2 in the talile 
(stored In the storage section 25) in which the pattern numbers and the ejection timing correction values used for the 
test pattern printing ar correspondingly tabulated (step 81005). Thereafter, tiie instruction receiving section 24 ti^ns- 
fers to the controller section 23 the ejection-timing correction quantities and D2, together with the print quality mode, 
the printing speed and the sort of Ink, which were received in the step SI 004. ^ 
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[0125] The pattern-print control section 232a of the controller section 23 puts the ejection-timing correction quantity 
at the platen gap Pi and the ejection-timing correction quantity D2 at the platen gap P2. which are received from the 
instruction receiving section 24 into the mathematical expression (1) or (2), whereby a mathematical expression of the - 
medium thickness T with the ejection-timing correction quantity D is derived (step S1006). The resultant mathematical 
5 expression is stored into the storage section 25 while corresponding to the print quality mode, the printing speed and 
the sort of ink, which are received from the instruction receiving section 24 (step SI 007). 

[0126] The above process is carried out for all the combinations of the print quality mode, the printing speed and the 
sort of ink, which can be accepted by the printer 2. As a result, the mathematical expressions of the medium thickness 
T with the ejection-timing correction quantity D are obtained for all the combinations of the print quality mode, the print- 
10 ing speed and the sort of ink. The expressions are stored into the storage section 25. 

[0127] An operation of the printing system when print data is printed on the printing medium set to the printer 2 in a 
bi-directional printing mode wilt be descrit>ed 

[0128] Fig. 1 7 is a flow chart for explaining an operation of the print controller 1 In tiie printing system when print data 
is printed on the printing medium. 
15 [0129] To executed the printing process or program flow-charted, an application software (e.g., word processing or 
graphic software) issues a printing instruction in the information processor as the print controller 1; a print control pro- 
gram, stored in the external storage device 103 or the information recording medium 108. is in turn loaded into the 
memory 102; arxi the CPU 101 executes the program. 

[0130] The Instruction receiving section 1 1 in the print controller 1 displays a select screen containing options of the 
20 size and sort of a printing medium, print quality mode and printing speed (Fig. 3). And it waits till an operator selects 
those pieces of information and presses the print start key (step SI 041). 

[0131 ] Upon pressing of the print start key, the instruction receiving section 1 1 transfers the conditions of the options 
selected on the operation panel to the printer controller section 12. Upon receipt of this, the printer controller section 12 
reads out the medium thickness information associated with the sort of the printing medium (received by the instruction 

25 receiving section 1 1) from the table containing the sorts and thickness values of printing media in corresponding man- 
ner, and transfers the readout information to the interface section 13. In tiiis case, the information of the medium size, 
print quality nrxxje, and printing speed are also ti-ansferred to the Interface section 13. Then, the interface section 13 
transfers those pieces of information as control data for print data to the printer 2 (step Si 042). 
[0132] Then, the printer controller section 12 generates print data containing text and image, instructed by a proper 

30 application software (e.g., word processing or graphic software) (step Si 043). 

[0133] Fig. 18 is a flow chart for explaining an operation of the printer 2 in the printing system of the second embod- 
iment when print data is printed on the printing medium. 

[0134] The printer 2 receives the control data from the print controller (its transmission to the apparatus was per- 
formed as in Fig. 17), through the interface section 21 (step SI 051). Then, the timing correction section 231a of the con- 

35 troller section 23 reads out of the storage section 25 a matiiematical expression between the medium thickness T and 
the ejection-timing correction quantity D, which is associated with the print quality mode and printing speed contained 
in the control data, and the sort of ink detected by the ink sensor 26. The medium thickness T ^edf led by the medium 
thickness information contained in the corrtrol data and the platen gap P (P^ or Pg) set by the platen gap adjusting sec- 
tion 221 into the readout mathematical expression, to tiiereby calculate an ejection-timing correction quantity D in the 

40 reverse scan with respect to that In the fonward scan (step 81 052). 

[01 35] As described ref ending to Fig. 1 4, the mathematical expression or formula stored in the storage section 25 must 
be derived within a linear region where the ejection-timing correction quantity D linearly varies with respect the distance 
H from the surface of a printing medium to be under printing to the ink ejecting surface of the recording head. To this 
end, the thickness T^ of the reference printing medium and the platen gaps P^ and P2 are selected so as to secure the 

45 linear region. Therefore, in order to calculate the ejection-timing correction quantity D within the linear region where the 
ejection-timing correction quantity D linearly varies with respect the distance H from the medium surface to the Ink eject- 
ing surface of the recording head in the step SI 052, it is preferable to set the platen gap P in accordance with the 
medium thickness T of the printing medium set to the printer 2 so that 

so (P2-T2) <(P-T) < (P^ -Ti)viz., D2 < D < D^. 

The platen gap may be set to P^ or P2 by controlling the platen gap adjusting section 221 by the controller section 23 
in accordance with the medium thickness T specified by the medium thickness information contained in the control data 
received from the print corrtroller 1 . 
55 [0136] Following the calculating of the ejection-timing correction quantity D. the controller section 23 rec ives tiie print * 
data through the interface section 21, and controls the printer engine section 22 so that it prints the print data on the 
prirrting medium in a bi-directional printing mode. Then, printing of tiie print data starts (step S1054). 
[0137] During the printing of the print data, the conft-oller section 23 monitors a nroving direction of the recording head. 
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and to check if the current printing is by the reverse scan (step SI 055). >/Vhen the present printing operation is by the 
reverse scan, it off-sets an ink ejection timing (ink ejecting position) of the recording head in the reverse scan with 
respect to that in the fonward scan (step S1056) by the ejection-timing correction quantity D (calculated in the step 
SI 052). This process (steps S1 055 and S1056) is repeated till the printing of the print data on the printing medium encfe 
(step SI 057). 

[01 38] The printing system of the second emt>odiment is thus constructed and operated. 

[0139] As described atx)ve, the printer 2 stores a formula describing a relation between the medium thickness T and 
the ejection-timing correction quantity D in the reverse scan with respect to that in the fonward scan in the related mem- 
ory. An ejection-timing conection quantity D is calculated in accordance with the medium thickness T of a printing 
medium to be under printing, and the calculated one is used for correcting the ink ejection timings in the fonward and 
reverse scans when the apparatus operates in the bidirectioral printing mode. 

[0140] In this way. the printing system corrects a printing-position off-set between the forward and reverse scans, 
which inevitably occurs when printing is performed on various printing media of different thickness values in the bi-direc- 
tional printing mode. 

[0141] The ejection-timing conection quantity D for the medium thickness T of a printing medium to be under printing 
is calculated by use of the formula prepared in advance. The capacity of the memory for storing the ejection-timing cor- 
rection quantities may be reduced when comparing with a case where the ejection-timing correction quantities are 
prestored in connection with various printing media of different thickness values. 

[0142] In the present embodiment, the pattern-print control section 232a sets the platen gaps and P2 by the platen 
gap adjusting section 221 in accordance with the operator's instruction, and a test pattern for detecting the ejection-tim- 
ing correction quantity D is printed. The instruction receiving section 24 receives the print result of the test pattern, and 
the timing correction section 231a derives the formula by use of the ejection-timing correction quantity Di at the platen 
gap Pi and the ejection-timing conrection quantity D2 at the platen gap P2. which are specified by the print result, and 
the thickness T^ of the reference printing medium bearing the test pattern printed thereon. 

[0143] In this way. test patterns are printed on a printing medium (reference printing medium) of a known thickness 
value Ti at the two platen gaps P^ and P2 and the formula desaibing a relation between the medium thickness T and 
the ejection-timing correction quantity D in the reverse scan with respect to that in the fonward scan is derived. Accord- 
ingly, complicated operations are not required for the operator In deriving the formula. 

[0144] In the second embodiment mentioned above, the formula is derived by use of the print result of the test pat- 
terns printed on the printing medium (reference printing medium) of a predetermined thickness value T^ . An alternative 
is possible. When the test-pattern print-result registering instruction is received in the step 8 1 004 shown in Rg. 1 6. the 
medium thickness may be input to the instruction receiving section 24, in addition to the print quality mode and the print- 
ing speed. In this case, the formulae may be derived by use of test patterns printed on various printing media. 
[0145] In the second embodiment mentioned atxjve. the information on the medium thickness T. used for calculating 
the ejection-timing correction quantity D by use of the formula is acquired from the control data transmitted from the 
print controller 1. In an alternative, it may be acquired through the instruction receiving section 24. Another alternative 
is that a medium thick sensor (e.g.. photo sensor) for detecting a thickness of a printing medium set onto the platen is 
provided, and the thickness informaton is obtained from the sensor. 

[0146] In the second embodiment, to derive the formula, the platen gaps are adjusted at two steps Pi and P2 by the 
platen gap adjusting section 221 . and the ejection-timing correction quantities and D2 specified by the test patterns 
printed at those gaps are used for deriving the fonmula. In a case where the platen gap adjusting section 221 is capalrfe 
of setting the platen gap at three steps or larger, the ejection-timing correction quantities to Dp (3 ^ n) specified by 
the results of printing the test patterns at the respective platen gaps are used for deriving the formula. In this case, a 
plurality of formulae are generated, which are obtained by putting two of the ejection-timing correction quantities to 
Dp specified by the results of printing the test patterns at the three or larger number of platen gaps, into the equation 
(1) or (2). The result of averaging those formulae may be used for the formula describir^ the relation of the medium 
thickness and an ejection-timing correction quantity in the reverse scan with respect to that In the fonward scan. 
[0147] In tiie atx>ve instance, the platen gap is adjusted at a multiple of steps, the ejection-timing correction quantities 
specified by the results of printing test patterns at those platen gaps are used for deriving the formulae. An alternative, 
the platen gap Is set at a fixed value, test patterns are prirrted on printing media of differertt thickness values, and the 
ejection-timing correction quantities for those printing media specified by the results of printing the test pattern are used 
for deriving the formula describing a relation between the medium thickness and the ejection-timing correction quantity 
in the reverse scan with respect to that in the forward scan. 

[0148] To be more specific, test patterns are printed on at least two printing media of known thickness values under 
control of ttie pattern-print control section 232a; the print results are Input to the instruction receiving section 24: and 
the timing correction section 231a derives the formula descrtoing the relation between the medium thickness and the 
ejection-timing correction quantity. 

[0149] When test patterns are printed on printing media of different thickness values Ti and T2^e formula between 
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the medium thickness T and the ejection-timing correction quantity D is given by 



{P-ri* 



D^-D 



D ,{P-T^)-D^{P-T,) 
(P-T^HP-T,) 



(3) 



10 



The expression (3) is approximately expressed as 



'2 '1 '1 '2 



75 where 



D-i : ejection-timing correction quantity specified by the result of printing the test pattern on a printing medium of the 
thickness T-) ; 

D2 : ejection-timing correction quantity specified by the result of printing the test pattern on a printing medium of the 
20 thickness T2; and 
P: platen gap. 



[0150] The formulae (3) an (4), like the formulae (1) and (2). hold in the linear region where the ejection-timing cor- 
rection quantity linearly varies with respect to the distance from the medium surface to the ink ejecting surface of the 

25 recording head. Therefore, the thickness values T^ and T2 of two printing media are preferably selected so as to derive 
the formula (or formulae) in the linear region where the ejection-timing correction quantity D linearly varies with respect 
to the distance H from the medium surface to the ink ejecting surface of the recording head. To calculate the ejection- 
timing correction quantity by i^e orf the formula, it is preferable to use a printing medium of which the thickness T satis- 
fies (P-T2) <(P-T)<(P-Ti). 

30 [0151] Also in the second embodiment, the ejection-timing correction quantity may be detected while allowing for a 
temperature of the recording head as in the first embodiment. In this case, in the steps S1001 to 1002 (Fig. 16). a tem- 
perature of the r^x5rding head is detected by the thermal sensor 28 when the test pattern printing is performed, and a 
detected head temperature is printed as one of the printing conditions, together with the print quality mode, the printing 
speed and the platen gap. When receiving the print results of the test patterns in the steps SI 003 and SI 040. the head 

35 temperature is received, together with the print quality mode, the printing speed and the platen gap. In the step SI 007, 
the head temperature received from the operator is applied to the formula derived In the step Si 006. and the resultant 
is stored into the storage section 25, in connection with the combination of the print quality mode, the printing speed 
and the sort of ink. 

[0152] In the step S1052 shown in Fig. 18. the timing correction section 231a reads out the head temperature asso- 
40 ciated with the formula for calculating the ejection-timing correction quantity D from the storage section 25. and a tem- 
perature correction quantity d3 described in the first embodiment is calculated where T is the readout head 
tenrqDerature. Then, a temperature correction quantity d3. which is described in the first emfc>odiment. is calculated 
where T is the current head temperature detected by the thermal sensor 28. Thereafter, a difference between the tem- 
perature correction quantity d3 when T is the head temperature associated with the formula for calculating an ejection- 
45 timing correction quantity D, arxi the temperature correction quantity dS when T is the current head temperature 
detected by the thermal sensor 28. is calculated, and the resultant difference is added to the calculated ejection-timing 
correction quantity D, to thereby correct the calculated ejection-timing correction quantity D. 

[0153] In this way, the ejection-timing correction quantity D calculated by use of the formula can be connected in con- 
sideration with the current head temperature detected by the thermal sensor 28. The correction of the ejection-timing 

50 correction quantity D by the head temperature may be carried out every time the recoiding head returns to the home 
position during the printing operation, as in the first embodiment. Atternatively. a head tenrtperature is detected in real 
time, nnanner, and an ejection-timing correction quantity D in the reverse scan with respect to that in the forward scan 
is corrected also in real time by use of the measurement result. The test pattern shown in Fig. 15 is also a typical exam- 
ple, and it may be sul>stituted by any other pattern if it is able to detect the medium thickness. 

55 [0154] In the embodiments mentioned above, an off-set quantity of an ink ejecting positions in the reverse scan with 
respect to that in the fonward scan is used for the ejection-timing correction quantity D. Any ejection-timing correction 
quantity to be calculated may be used if it is capable of correcting an ink ejection timing in at least one of the forward 
and reverse scans. _ 
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101 55] As seen from the foregoing description, the present invention is capable of lessening a stress imposed on the 
operator when the apparatus prints on various types of printing media in the bi<lirectional printing mode. 

Claims 

1. A printer capable of printing on a printing medium in both a fonward scan and a reverse scan by a recording head 
for ejecting ink drops, comprising: 

interface means for acxjuiring control information containing at least information on a thickness of the printing 
medium; and 

timing con-ection means for correcting timings of ejecting ink drops toward the printing medium during at least 
one of the forward and reverse scans in accordance with the thickness information of the printing medium con- 
tained in the control information acquired by the interface means. 

2. A printer as set forth in claim 1 . wherein the control information contains information on an ink ejecting velocity and 
information on a moving velocity of the recording head, and 

wherein the timing con-ection means corrects timing of ejecting Ink drops to the printing medium in accord- 
ance with the information on a thickness of the printing medium, an ink ejecting velocity and a moving velocity of 
the recording head, those information being contained in the control information acquired by the interface means. 

3- A printer as set forth in daim 1 , further comprising: 

test pattern printing means for printing a test pattern to detect a thickness of a printing medium in accordance 
with an instruction of an operator; 

storing means for storing a table containing a con-espondence between the result of printing the test pattem 
arxJ information on a thickness of the printing medium; 

reception means for receiving an operator's instruction to register the printing result of the test pattern; and 
registering means for registering plural pieces of infornration to specify the printing result of the test pattem 
received by the reception means. 

wherein the reception means further receives an instruction to select one of the plural pieces of information 
registered in the registering means, and 

wherein the interface means searches for information on the thickness of the printing medium in the table 
stored in the storing means, which is associated with the printing result of the test pattern specified by the 
instruction for selecting one of the plural pieces of information in order to acquire searched information as the 
control information. 

4. A printer as set forth in daim 1. wherein the timing correction means includes: 

storing means for storing a mathematical expression describing a relation of a thickness of the printing medium 
with an ejection-timing correction quantity during at least one of the forward and reverse scans; 
connection-quantity calculating means for calculating an ejection-timing correction quantity dependent on a 
thickness of the printing medium under printing by use of the expression; and 

timing control means for controlling a timing to eject an ink drop onto the prirrting medium to be under printing 
in at least one of the fbnward and reverse scans in accordance with an ejection-timing correction quantity cal- 
culated by the correction quantity calculating means. 

5- A printer as set forth in any of claims 1 to 4, further comprising head temperature detecting means for detecting 
temperature of the recording head. 

wherein the timing correction means corrects a timing of ejecting an ink drop to the prirrting medium to be 
under printing while additionally considering a head temperature detected by the head temperature detecting 
means. 

6. A printer as set forth in claim 1 . further comprising head temperature detecting means for detecting temperature of 
the recording head. 

wherein the timing correction means includes: 

timing-correction-quantity determining means for determining, prior to a start of printing on the printing 
medium, an ejecting-timing correction quantity of a timing of ejecting an ink drop to th^printing medium in 
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accordance with information on a thickness of the printing medium, which is contained in control information 
acquired by the interface means; 

con-ection quantity adjusting means for adjusting the ejection-timing correction quantity, which is determined, 
by the timrng-con-ection-quantity determining means on the basis of the head temperature detected by the 
5 head temperature detecting mear^; and 

timing control means for controlling a timing of ejecting an ink drops to the printing medium in at least one of 
the forward and reverse scans in accordance with the timing-correction quantity adjusted by the correction 
quantity adjusting means, and 

wherein the correction quantity adjusting means acquires the head temperature detected by the head temper- 
^0 ature detecting means every time the recording head reaches a home position, and adjusts the ejection-timing 

correction quantity determined by the timing-correction-quantity determining means. 

7. A printer capable of printing on a printing medium in both a forward scan and a reverse scan by a recording head 
for ejecting ink drqjs, comprising: 

15 

storing means for storing a mathematical expression describing a relation of a thickness of the printing medium 
with an ejection-timing correction quantity during at least one of the forward and reverse scans; 
correction-quantity calculating means for calculating an ejection-timing correction quantity dependent on a 
thickness of the printing medium to be under printing by use of the expression, and 
20 timing control means for controlling a timing to eject an ink drop onto the printing medium to be under printing 

in at least one of the forward and reverse scans in accordance with an ejection-timing correction quantity cal- 
culated by the correction-quantity calculating means. 

8. The printer as set forth in claim 7, further comprising expression deriving means for deriving the expression to be 
25 stored into the storing means on the basis of an ejection-timing correction quantity previously derived in at least one 

of the forward and reverse scans of a bi<Jirectional printing executed by the recording head with respect to at least 
two printing media of different thickness. 

9. The printer as set forth in claim 8. further comprising: 

30 

test pattern printing means for printing a test pattern used for detecting an ejection-timing correction quantity 
in at least one of the forward and reverse scans of a bi-directional printing executed by the recording head with 
respect to at least two printing media in response to an operator's instruction; 

storing means for storing a table containing a correspondence between the result of printing the test pattern 
35 and an ejection-timing correction quantity; and 

input means for receiving a data signal representative of the test pattern printing result of each the printing 
media of different thickness, detected by the test pattern printing means, 

wherein the expression driving means derives the expression on the basis of a thickness of each of the printing 
media of different thickness on which the test patterns are printed by the test pattern printing means, arKJ ejec- 
40 tion-timing correction quantities respectively associated with the test pattern printing results received by the 

input means In the table stored In the storing means. 

10. The printer as set forth in claim 8, wherein the expression deriving means derives the following mathematical 
expression in a case where the bidirectional printing is executed wrlth respect to two printing media of different thick- 

45 ness values T^ and T2 : 



so 



where 



D : ejecting-timing correction quantity in at least one of the fonward and reverse scans when the printer prints 
on the printing medium to be under printing in the bl-directiona! printing mode; 
55 T : thickness of the printing medium to be under printing; 

P : distance from an Ink ejection surface of the recording head to a platen supporting the prirrting medium; and 
Di and D2: ejection-timing quantities In at least one of the forward and reverse scans executed by the recording 
head when tiie printer prints on two printing media of different thickness values T^ ajjjj T2 in the bi-directional 
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printing mode. 

1 1 . The printer as set forth in claim 7. further comprising: 

position adjusting means for setting a platen gap defined as a distance from an ink ejection surface of the 
recording head to a platen supporting the printing medium into one of at least two values by moving at least 
one of the platori and the printing medium; and 

expression deriving means for deriving a mathematical expression to be stored in the storing means on the 
basis of an ejection-timing correction quantity previously derived in at least one of the forward and reverse 
scans when the printer prints on a printing medium of a predetermined thickness in the bi<lirectional printing 
mode for each of the platen gaps. 

1 2. The printer as set forth in claim 1 1 , further comprising: 

test pattern printing means for printing a test pattern to detect an ejection-timing correction quantity in at least 
one of the forward and reverse scans when the printer prints on the printing medium in the bi-directional print- 
ing mode for each of the platen gaps, through a control of the position adjusting means performed in accord- 
ance v«th an instruction by an operator; 

storing means for storing a table containing the correspondence between the printing result of the test pattem 
and the ejection-timing correction quantity; and 

input means for receiving the test pattern printing results for the at least two platen gaps, produced by the test 
pattern prirrting means, 

wherein the expression deriving means derives the expression on the basis of at least two platen gaps set l^y 
the position adjusting means, the ejection-timing correction quantity respectively associated with the test pat- 
tern printing result for each of platen gaps received by the input means, and a thickness of the printing medium 
on which the test pattern is printed by the test pattern printing means. 

13. The printer as set forth in claim 11. wherein the expression deriving means derives the following mathematical 
expression in a case where the bi-directional printing is executed on the printing medium of predetermined thick- 
ness Ti for different platen gaps Pi and set by the position adjusting means: 

where 

D : ejecting-timing correction quantity in at least one of the fonward and reverse scans when the printer prints 
on the printing medium to be under printing in tiie iDi-directional printing mode; 
T : thickness of the printing medium to t>e under printing; 

P : platen gap when the printer prints on the printing medium to be urKler printing in the l^-directional printing 
mode: arxj 

D-i arxl D2 : ejection-timing quantities in at least one of the fonvard arid reverse scans when the printer (xints 
on the printing medium of thickness value T^ in the bi-directional printing mode. 

14. The printer as set forth in any of claims 7 to 13, further comprising temperature detectir^ means for detecting tem- 
perature of the recording head, 

wherein the timing control means corrects a timing of ejecting an ink drop to the printing medium to be under 
printing while additionally considering a head temperature detected by the head temperature detecting means. 

1 5. The printer as set forth in claim 7, further comprising: 

temperature detecting means for detecting temperature of the recording head; and 

correction quantity adjusting means for adjusting an ejection-timing correction quantity calculated by the cor- 
rection quantity calculating means on tiie basis of a head temperature detected by the head temperature 
detecting means. 

wherein the timing control m ans controls a timing of ejecting an ink drop to the printing medium to be under 
printing in at least one of the forward arKi reverse scans in accordance with the ejection-tioaing connection quan- 



20 

. <EP__0982146A2_L> 



EP 0 982 146 A2 



tity adjusted by the correction quantity adjusting means, and 

wherein the correction quantity adjusting means adjusts the ejection-timing correction quantity calculated by 
the correction quantity calculating means in accordance with a heat temperature, which Is acquired by the cor- ~ 
rection quantity adjusting means every time the recording head reaches a home position. 

5 

1 6. A printer capable of printing on a printing medium in both a forward scan and a reverse scan by a recording head 
for ejecting ink drops, comprising: 

temperature detecting means for detecting temperature of the recording head; and 
10 timing correction means for connecting a timing of ejecting an ink drop to the printing medium in at least one of 

the fonward and reverse scans in accordance with the temperature of the recording head detected by the head 
temperature detecting means. 

17. A printing system comprising: 

15 

a printer capable of printing on a printing medium in both a forward scan and a reverse scan by a recording 
head for ejecting ink drops; and 

a print controller for transmitting print data to the printer, 

wherein the print controller includes transmitting means for transmitting print data control Information corttain- 
20 ing at least information on a thickness of a printing medium, prior to transmission of the print data, the print data 

control information, and 

wherein the printer includes timing correction means for correcting a timing of ejecting an ink drop to the print- 
ing medium in at least one of the forward and reverse scans in accordance with the thickness information of 
the printing medium contained in the print data control information. 

25 

18. The printing system as set forth in claim 17. wherein the control information contains information on an Ink ejecting 
velocity and information on a moving velocity of the recording head, and 

wherein the timing correction means corrects timing of ejecting ink drops to the printing medium in accord- 
ance with information on a thickness of the printing medium, information on an ink ejecting velocity, and information 
30 on a moving velocity of the recording head, tiiose information being contained in the print data control information 
received from the print controller. 

19. The printing system as set forth in claim 17 or 18, wherein the print controller includes storing means for storing 
information of the tiiickness of a plurality of printing media, and reception means for receiving an instruction to 

35 select one of the thickness Infonnation of the printing media stored in the storing means, and 

wherein the transmitting means transmits, prior to transmission of print data, the medium thickness informa- 
tion selected by the Instruction received by the reception means to the prirrter in a state tiiat the thickness informa- 
tion is contained in the print data control information. 

40 20. A recording medium for storing a print control program for controlling a printer capable of printing on a printing 
medium in both a fonward scan arxd a reverse scan by a recording head for ejecting ink drops, the print control pro- 
gram causes an information processor connected to the printer to execute the steps of: 

receiving an Instruction to select one of plural printing media; 
45 reading out information on a thickness of the printing medium selected by the received instruction, prior to print 

data transmission to the printer, from a table containing Information on the plural printing media and the thick- 
ness information thereof respectively associated with each other; and 

transmitting the readout thickness information to the printer in a state that the thickness Information is con- 
tained in the print data control irrformation. 

50 

21. The recording medium as set forth In claim 20, wherein information on a velocity value of ejecting an ink drop onto 
the printing medium selected by the instruction received in the instruction receiving step is further read out from a 
table containing information on the plural printing media and ink-ejection velocity values respectively associated 
with each other in the information reading step in order to transmit the velocity value information to the printer In a 

55 State that the velocity value information is contained in the print data control information. 

22. A method of printing on a printing medium in both a forward scan and a reverse scan by a recording head for eject- 
ing an ink drop, conrprising the steps of: ^ 
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receiving the inputting of cxMTtrol information containing at least information on a thickness of the printing 
medium prior to inputting of print data to be under printing on a printing medium; and 
controlling an ink drop ejecting timing in at least one of the forward and reverse scans when printing on the 
printing medium to be under printing is performed in a bi-directional printing mode in accordance with the thick- 
ness information of the prirrting medium contained in the received control irtformation. 

23. The printing method as set forth in daim 22. wherein the step of correcting an ink-drop ejection timing is performed 
while additionally considering a temperature of the recording head. 

24. A method of printing on a printing medium by both a forward scan and a reverse scan by a recording head for eject- 
ing an ink drop, comprising the steps of: 

preparing a mathematical expression describing a relation t>etween a thickness of the printing medium and an 
ejection-timing correction quantity in at least one of the forward and reverse scans; 

calculating an ejection-timing correction quantity dependent on the thickness of the printing medium to be 
under printing by use of the expression; and 

correcting an ink-drop ejection timing in at least one of the forward and reverse scans when printing on the 
printing medium to be under printing is performed in a bi-directional printing mode. 

25. The printing method as set forth in claim 24, wherein the step of correcting an ink-drop ejection timing is performed 
while additionally considering a temperature of the recording head. 
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